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Each year over 1,250,000 acres in South Dakota 
are fallowed. Weeds are controlled mechanically or 
-chemically to conserve moisture for the succeeding crop. 
Chemical fallow utilizes triazine herbicides to 
- control weeds during the fallow season. Advantages of 
chemical fallow include increased moisture conservation, 
decreased erosion problems, and lower energy costs when 
compared to mechanical methods. 
Atrazine (2-chloro-4-ethylamino-6-isopropylamino-
s-triazine ) is a residual herbicide registered for use in 
chemical fallow (9)o Atrazine carryover is unpredictable 
_in arid regions and may result in injury to the succeeding 
crop. 
Development of atrazine resistance in wheat 
(Triticum aestivum L.) would reduce the carryover threat 
,and allow higher rates of atrazine for better weed control. 
The purpose of this study was to evaluate genotypes of 
-wheat for resistance to atrazine . . 
LITERATURE REVIEW 
Chemical Fallow: 
Each year, approximately 1,250,000 acres in South 
Dakota and 19,600,000 acres in the United States are 
fallowed (18). Fallowing conserves moisture for the 
succeeding crop. Weeds must be controlled by mechanical 
or chemical methods. 
Fallowing with mechanical methods has been 
questioned because of the low efficiency of moisture 
conservation (18 to 22 percent), wind and water erosion, 
and increasing energy costs (1, 19, 36). 
The number of tillage operations can be reduced 
2 
if weeds are controlled with herbicides. Smika (64) 
studied five fallow treatments in a 6 year alternate winter 
wheat-fallow rotation. The fallow treatments ranged from 
complete tillage to chemical weed control. No-tillage 
treatments had less weed growth, more soil water, and 
more surface mulch than conventional tillage treatments. 
Chemical fallow presently- includes the use of 
contact and residual herbicides. 9ontact herbicides, such 
as Paraquat (1,1'-dimethyl-4, 4'-bipyridium) and gl¥phosate 
(N-phosphonomethlyl)glycine), control existing vegetation. 
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Residual herbicides control weeds throughout the remainder 
of the fallow period (9). 
Atrazine is a residual herbicide registered for 
use in chemical fallow (9)o However, atrazine may injure 
winter wheat in arid regions (10, 15, 17, 28, 61). Wheat 
tolerant to atrazine would reduce the unpredictable threat 
of carryover and allow an increased dosage for better 
-weed control o 
Nature of Herbicide Resistance: 
Herbicide resistance resulting from widespread 
_herbicide use, was suggested by B~ackman (6) and Harper 
(25)c Resistance appears most rapidly when a slow 
degrading herbicide is applied continually to a community 
containing resistant genotypes (5, 27, 43, 48). Gressel 
(20, 21) stated the factors -controlling the expression of 
resistance were: a) the number and dormancy of seeds 
produced by susceptible escapes, b) fitness (or vitality) 
or resistant genotypes, c) the number and inheritance of 
genes controlling resistanceo 
Three terms may be used to describe the crop 
response to herbicides--s?sceptible, tolerance, and 
resistance o When exposed to a stress, susceptible plants 
~ 
are permanently impaired, tolerant plants survive until 
that stress is removed, and recommence to normal metabolism, 
4 
growth, and developm~nt, and resistant plants suffer no 
physiological impairment {35) ~ 
Tolerance to simazine (2-chloro-4, 6-bis{ethylamino)-
s-triazine) has been reported in biotypes of shepherds-
purse (Capsella bursa-pastoris {L.) Medic~) {26), mustard 
. (Sinapsis alba L.) (32), rape (Brassica napus L.) (32) 1 
common lambsquarters (Chenopodium album Lol (26), conunon 
~ groundsel (Senecio vulgaris L.) (26, 44, 62) 1 and 
scentl~ss mayweed (Tripleurospermum inodorum (L.) Schutz 
Bip) (16)o Atrazine resistance has been reported in 
··biotypes of common lambsquarters ( 5, 4 0, 4 2) , redroot 
pigweed {Amaranthus retroflexus L.) (40, 42, 60, 62), 
common ragweed (Ambrosia artemisiifolia L.) (58), common 
yroundsel {48), yellow nutgrass (Cyperus esculentus L.) 
(11), and common flax (Linum usitatissimum) (2, 10). 
Jenson (29) planted resistant and susceptible 
1ambsquarters in soil containing one of seven s-triazine 
herbicideso Plants were harvested 4 weeks after planting. 
··Shoot growth was compared to shoot growth of control 
plants grown in unamended soile Jenson concluded that 
species tolerant to one s-triazine herbicide may be 
# 
· tolerant to other s-triazine herbicides. 
Herbicide Resistance in Crop Plants: 
Atrazine resistance was selected for in the World 
Collection of Flax Germ Plasm by Anderson (2). The 1541 
accessions of flax were planted in single rows across 
atrazine treated strips in the field. Selections were 
made for tolerance to atrazine G 'CI 719' produced 33 
percent as much dry matter in soil treated with atrazine 
at 1.12 kg/ha as in untreated soil. The variety 'Arny' 
produced 10 percent as much dry matter in treated soil 
as in untreated soilo 
Breeding for herbicide resistance is dependent on 
-the number o f genes controlling resistance, their 
dominance , mutation rate, and recombination. 
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Inheritance of atrazine response has been studied 
in maize by Grogan (23). He reported that the susceptible 
inbred line ' GT 112 ' was conditioned by a single recessive 
gene. 
A selection of CI 719, assigned CI number 2484, 
appeared the most tolerant of all flax genotypes evaluated 
by Anderson (2). Backcross populations of CI 2484 indicated 
-low heritability of atrazine tolerance (10). Atrazine 
tolerance behaved as a quantitative character which is 
in contrast to simple inheritance reported in maize. 
I nduced mutations have contributed directly to the 
development of improved dultivars. The list of cultivars 
that have been developed by induced mutations tota Ls at 
least 152 cultivars, of which 105 concern food crops. 
Induced mutations have resulted in yield improvement, 
lodging resistance, disease resistance, ripening, ~lant 
height, qu~lity, winter hardiness, protein content, and 
. awn characteristics (37)c 
~nduced mutations provide a tool for breeding 
~ crop cultivars with increased resistance to specific 
herbicides (41). EMS (Ethyl methanesulfonate) is an 
alkylating compound capable of inducing point mutations 
and is known to cause a low frequency of chromosome 
aberrations (13, 49). EMS produced mutations of wheat 
expressing greater resistance to terbutryn (2-tert-
butyl-amino-4-ethylamino-6-methylthio-s-triazine), and 
-~- mutations of tomato (Lycopersicon esculentum) allowing 
greater resistance to diphenamid (N,N-dimethyl-2,2-
diphenylacetamide) (41). Mutations were induced in the 
6 
~spring wheat cultivar and in the tomato cultivar by soaking 
the seeds at room temperture in 8 mM EMS for 15 hours and 
in 64 rnM EMS for 24 hours respectively. Seedling resist-
ance of wheat to terbutryn and of tomato to diphenamid 
· was tested in the M3 through M5 and M2 through M4 
generations respectively. In the replicated trials, six 
-· to ten seedlings of each mutant line, and an equal number 
of seedlings of the original cultivar were grown in two 
parallel rows in each potc Daily seedling mortality was 
lower for mutant lines than the original cultivar. 
Ethidium bro~ide (2,7-diarnino-10-ethyl-9-phenyl-
phenantridum bromide) induces cytoplasmic and nuclear 
mutations (7, 34) . Ethidium bromide was found to be more 
efficient than EMS as a mutagenic agent for peanuts 
(Arachis hypogea L.). A number of its mutants could be 
cytoplasmic . Cytoplasm may be considered an alternative 
-source of variability ~ Inheritance of atrazine 
tolerance in Bird's rape (Brassica campestris L.) is by 
uniparental i nheritance through the female parent. 
Whether this un i parental inheritance is cytoplasmic 
inheritance controlled by chloroplast or mitochrondrial 
DNA has yet to be determined (58). 
Physiological Basis of Resistance: 
Triazine compounds are effective inhibitors of 
7 
the Hill reaction (3, 13, 38) and reduce the 14co2 fixation 
rate in higher plants (4, 12, 28, 56, 63, 66). Triazine 
herbicides attach to the internal thylakoid membrane 
of susceptible chloroplast sites and inhibit photosynthesis. 
Triazine tolerance is determined by the plants' 
ability t o metabolize or absorb the triazine molecule (25, 
30, 46, 54). Greater uptake of s-triazine has been repor-
ted for sensitive biotypes as compared to resistant 
biotypes (47), but attempts to relate toxicity to absorp-
tion have been unsuccessful (14, 29, 53, 60, 65). In 
8 
nearly all investigations, atrazine resistance was because 
the amount of unaltered atrazine reaching the chloroplast 
was reduced (57). This implies reduced translocation 
because of cellular absorption or increased metabolism. 
Metabolism and detoxification of the atrazine 
-.. molecule occur in higher plants the following ways: 
hydroxylation, dealkylation, hydroxylation-dealkylation, 
and conjugation. 
Atrazine is hydroxylated to the non-toxic 2-
hydroxyatrazine ((2-hydroxy-4-ethylamino)-6-(isopropyl-
amino)-s-triazine) in corn, sorghum, and wheat (54). 
This reaction is catalyzed nonenzymatically by a cyclic 
hydroxamate, benzoxazinone (2,4-dihydroxy-3-keto-7-
methoxy-1, 4-benzoxazinone) (3, 50). 
Dealkylation of atrazirie results in two products. 
Dealkylation at the ethylamine side chain result in a 
partially -detoxified isopropyl derivative, 2-chloro-4-
amino-6-isopropylamino-s-triazine and dealkylation at the 
isopropylamino side chain _will result in the ethyl deriva-
tive, 2-chloro-4-amino-6-ethylarnino-s~triazine (50, 51, 
52). 
All higher plants probably _rnetabolize atrazine 
by dealkylation to some extent (SO), while species ~such as 
corn (Zea mays L.) and wheat, which contain benzoxazinone, 
·utilize hydroxylation. In species where both pathways 
exist, relative activities of the two pathways may differ 
considerably. Hamilton (24) indicated both pathways are 
low in wheat which may result in atrazine accumulation. 
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In corn, relatively low activity of the dealkylation 
pathway exists, but the hydroxylation pathway is extremely 
active . Corn shoots were reported to contain 11.1 times 
as much benzoxazinone _derivatives as compared to wheat. 
Glutathione conjugation was detected in sorghum 
(Sorghum bicolor) by Lamoureux et al. (33) where two 
related compounds formed S-(4-ethylamino-6-isopropylamino-
2-s-triaz ine)L-cysteinec This pathway occurs in corn, 
fall panicum (Panicum dichotomiflorum Michx.), and large 
crabgrass (Digitaria sanguinalis (L.) Scop.) (55, 60). 
Radosevich et al. (43, 44, 45) hypothesized that 
resistant common groundsel biotypes formed a weakly bonded 
simazine conjugate in intact plants. Hydrogen bonding 
of simazine's ethylamino group with an unknown plant 
constituent might provide such a conjugate. Photosynthetic 
reduction is greater in susceptible biotypes than in 
resistant biotypes. Atrazine molecules are inactivated in 
resistant biotypes due to modification, bonding, or by 
altering the resistant biotypes' metabolism allowing normal 
functioning of photosynthetic mechanism (S2). 
Jensen et al. (29) reported no difference in 
uptake, translocation, and metabolism in tolerant and 
susceptible lambsquarters' biotypes. The nature of 
atrazine resistance in tolerant lambsquarters' biotypes 
still remains a questiono Photochemical activity, as 
measured by the Hill reaction does differ markedly in 
isolated chloroplasts from the resistant and susceptible 
_biotypes exposed to atrazine (58). 
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The main objective of this study was to survey 
-- ~enotypes for resistance to atrazine and develop resistant 
genotypes by use of induced mutations. 
MATERIALS AND METHODS 
Spring Wheat Genotypes: 
Reaction to atrazine was evaluated on 69 spring 
-wheat cultivars and lines in 1978 at Brookings and 
Redfield, South Dakot~~ 
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Atrazine was applied to the soil at a dosage of 
2.24 kg/ha i n a 187 liter/ha suspension. Atrazine dosage 
was selected based on Anderson's screening study (2). The 
herbicide was incorporated by double discing immediately 
following s pray application. 
The wheat genotypes were hand-planted at a 2.5 em 
depth in 3 . 0 m rows with a 0.3 m row spacing. Three 
_replications were planted. The Brookings test was sprayed 
June 6 and planted June 7 on a Vienna Loam soil. Plant 
counts were made June 21 , and at harvest. Rainfall totals 
for the first and second weeks after herbicide treatment 
were 0~28 and 0.66 em. The Redfield test was sprayed 
and planted June 15 on a Great Bend Loam soil. Plant 
counts were made June 29 and at harvest. Rainfall totals 
for the first and second weeks after herbicide treatment 
were 0.28 em and 0.66 em. Spikes of surviving wheat plants 
from both locations were harvested at maturity. Seed was 
increased during the following winter in the greenhouse. 
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The surviving wheat lines were evaluated ip 1979 at 
Brookings ~nd Redfield using the same procedure as previous-
ly described . The Brookings test was sprayed and planted 
May 24. Rainfall totals for the first and second weeks 
after herbicide treatment were 3.35 em and 0.00 ern. Plant 
counts were made June 7 and at harvest. The Redfield test 
was sprayed and planted June 1. Rainfall totals for the 
first and second weeks after herbicide treatment were 0.05 
em and 0.74 em. Plant counts were made June 7 and at harvest. 
Cytoplasmic Substituted Spring Wheat Genotypes: 
Atrazine resistance was evaluated in 2 spring _ 
wheat lines, 'Chris' and 'Selkirk' containing cytoplasmic 
substitutions from Triticum macha L., T. dicoccoides Korn, 
Aegilops squarrosa L., . Ae. cylindrica Host., Ae. ventricosa 
Tausch, and Ae. juvenalis Thell Eig. 
The procedure was the same as discussed in the 
previous section. The experiment was located at Brookings 
on Vienna Loam soil. Plots were sprayed and planted May 
24, 1979. Rainfall totals for the first and second weeks 
after herbicide treatment were 3.35 em and 0.00 em. 
Plant counts were made June 7 and at harvest. 
Winter Wheat Genotypes: 
Sixty-one lines of winter wheat were handplanted 
September 22, 1978 at Brookings on the same area used to 
evaluate spring wheat for atrazine resistance. No 
additional atrazine was applied in the fall. The seeds 
were planted in the same manner as the spring wheat test. 
Plant counts were made October 6, 1978, and at harvest, 
August 21, 1979Q Spikes of surviving wheat plants were 
harvested and the progeny was evaluated for atrazine 
resistance in a greenhouse experiment. 
-Spring Wheat Mutations: 
'Butte' and "Eureka' spring wheat were exposed to 
ethyl methanesulfonate (EMS) and ethidium bromide (EB) in 
order to induce mutations for atrazine resistance. 
Seeds from EMS treatment were presoaked in 0°C 
deionized water for 12 hours and transferred to a pre-
treatment solution of 0.25 M EMS prepared in 0.1 M 
phosphate buffer, pH 7, for 6 hours at 0°C. The pre-
treatment solution was decanted and a fresh solution of 
0.25 M EMS in Ocl M phosphate buffer, pH 7, was added. 
Seeds were soaked at 20°C for 2 hours, removed and rinsed 
3 times in deionized water, and then soaked in deionized 
water at 0°C for 12 bours e The M1 plants were grown to 
maturity in the greenhouse during the winter of 1978. 
The M
2 
plants were evaluated for atrazine tolerance. 
Seeds for EB treatment were soaked in 1000 ppm 
deionized water solution of EB at 0°C for 40 hours in the 
dark. Immediately after treatment, seeds were rinsed for 
~ 65 354 
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30 minutes in running tap water, surface dried, and 
planted . In order to select for cytoplasmic mutations, 
M1 plants were evaluated for atrazine toleranceo 
The study was located on a Vienna Loam soil in 
14 
-_Brookings . Atrazine was applied to the soil May 24, 1979, 
as previously described. Seeds were planted in . 8-row 
strips using a tractor-mounted cone type seeder May 25, 
1979. The planting depth was 2.5 em with a 15 em row 
·spacing . Spikes of surviving wheat plants were harvested 
at maturity and evaluated for atrazine tolerance in a 
·-greenhouse ~xperiment. 
Greenhouse Experiment: 
A preliminary bioassay indicated the Ln 90 of 
-atrazine on wheat was betw·een 0.1 and 0. 2 ppmw. 
A second bioassay narrowed the spectrum of atrazine 
tolerance further. Eureka and Butte spring wheat and 
- ~Tetraturgidum winter wheat were evaluated in a silt loam 
soil (3.5% Organic Matter, pH 7.8). Final concentrations 
of atrazine were: 0.105, 0.110, 0.115, 0.120, 0.125, 
0.1301 0.135, 0.140, 0.145, 0.150, 0 . 155, 0.160, 0.165, 
0.170, 0.175, 0.180~ 0.185, 0.190, 0.195, 0.200 ppmw of 
active ingredient. Two plants were grown in each of six 
cups containing 600 g of soil which were completely 
randomized . The greenhouse temperature fluctuated between 
15 
0 0 18 and 28 c. Supplementary lighting provided a 16 hour 
~daylength in the range of 0.50 to 0.70 microeinsteins 
intensity e Pots were surfaced watered. Phytotoxicity was 
.~valuated visually after emergence every 3 days for 21 days 
.on a 0 to 9 scale where 0 represented no injury and 9 
. represented complete wheat kill. 
Progeny of PI 326412 and CI 8691 were evaluated 
·for atraz ine tolerance. Atrazine at a dosage of 0.00 or 
0.145 ppmw was applied to 600 g of silt loam (3.5 Organic 
-Matter, pH 7.8)o Each pot contained one seed of a 
-~urviving line and one seed of Eureka spring wheat which 
served as a check. The number of replications was 
~determined by the number of available seed. Plants were 
grown and evaluated by the procedure previously described 
in the bioassay. 
Progeny of Tetraturgidum was evaluated on soil 
,=treated with 0.160 ppmw atrazine and compared with parent 
tetraturgidum seed by the previously described method. 
Progeny of surviving mutated wheat lines were 
-~valuated for tolerance to 0.145 ppmw atrazine and compared 
- ~o normal parent seed by . the previously described method. 
RESULTS AND DISCUSSION 
Spring Wheat Genotypes: 
The spring wheat lines were received from Dr. 
Don Keirn of the South Dakota Agricultural Experiment 
Station G These lines were used because they are adapted 
to the northern midwest region of the United States. The 
wheat breeding project could utilize a selection from 
these lines more rapidly than selections from the World 
Collections . 
The emergence of spring wheat lines in atrazine 
treated soil i s shown in Table lG All plants appeared 
normal after emergence; however, within three weeks, most 
16 
r plants were necrotic. At harvest, 14 lines had produced 
seed, but no line had survived in more than one replica-
tion. This indicated that no individual line had greater 
resistance to atrazine. However, individual plants within 
lines might have resistance or be escapes. Increased 
progeny of surviving plants were planted in atrazine 
treated soil at Brookings and Redfield in the spring of 
1979. Plant emergence is shown in Table 2. Within t~ree 
weeks, atrazine toxicity as previously described 
appeared. No plants survived beyond five weeks. 
Surviving plants in 1978 were judged to be 
"escapes" based upon the complete kill achieved in 1979. 
Table 1. The mean number of hard red spring wheat plants 
SUrV1V1ng a preplant incorporated field 
application of atrazine at 2.2 kg/ha in 1978. 
Plant Counts Plant Counts 
Genotype Emergence Harvest Emergence Harvest 
Brooking, SD Redfield, SD 
Kitt 134.0 0.0 133.6 0.0 
- ws 1809 173.0 o.o 162.6 0.0 
Waldron 137.0 0.0 138.0 0.0 
Eureka 149.0 o.o 150.3 0.0 
Ellar 147.0 0.3 146.0 0.0 
- Butte 143.6 0.0 141.0 0.0 
Profit 75 128.3 0.6 - · ~~ 138.6 0.0 
:.·W444 115.3 0.0 122.3 o.o 
Fortuna 143.3 0.0 146.0 0.6 
Coteau 143.6 0.0 142.3 0.0 
Bounty 309 158.6 0.0 162.3 0.0 
Olaf 122.3 0.0 125.6 0 .. 0 
--.Angus 157.6 o.o 152.3 0.0 
Prod ax 110.6 0.0 109.6 0~0 
Pro tor 146.0 0.0 143.6 0.0 
Solar 140.3 o.o 138.0 0.0 
SD2273 166.3 0.0 149.6 0.0 
WS25 167.3 o.o 161.3 0.0 
Era 168.6 1.3 163.0 0.0 
SD2649 137.0 0.0 141.0 0.0 
-Mt7416 133.0 2.0 133.0 o.o 
Mn7222 159.3 0.0 155.6 o.o 
Mn70181 144.6 1.0 142.3 0.0 
NK5511 170.0 0.3 165.0 0.0 
MT54B 130.3 o.o 125.0 0.0 
- NK5513 140.3 o.o 142.3 0.0 
MT749 153.0 2.3 157.0 0.0 
ID153 136.6 o.o 131.0 o.o 
MN7155 124.0 o.o . 124.0 o.o · 
Chris 166.0 0.0 153.0 0.0 
ND549 120.3 0.0 127.6 0.0 
MN70197 121.3 0.0 133.0 0.0 
ND554 133.3 o.o 138.0 0.0 
ND547 138.6 0.0 141.0 0.0 
ND553 146.0 o.o 144.0 o.o 
MN70202 157.0 0.0 154.0 0.3 
MN7155 122.6 0.6 133.0 0.0 
ND543 120.0 0.0 140.3 0.0 
· ND551 118.6 o.o 123.3 0.0 
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Table 1 (Continued) 
Plant Count Plant Count 
Genotype Emergence Harvest Emergence Harvest 
Brooking, SD Redfield, SD 
SD2354 137.3 0.0 129 . 0 0.0 
SD2660 127.6 0.0 126.6 0.0 
SD2329 113.3 o.o 115 . 6 0.0 
SD2256 115.3 0.0 121 . 3 0.0 
SD2536 124.6 o.o 135.6 0.0 
SD2640 109.0 0.0 1 11.0 0.0 
SD260 7 119.0 o.o 131.3 o.o 
SD282 5 113.6 0.0 1 17 . 6 0.0 
SD2826 130.3 o.o 1 39.0 0.0 
SD282 9 163.3 o.o 165.3 0.0 
SD283 5 151.6 o.o _149. 3 0.0 
SD283 6 153.0 0.0 1 53.6 0.0 
SD283 8 137.6 0.0 146.6 0. 0 . 
SD2840 148.3 o.o 135.3 o.o 
SD284 1 152.3 0.0 155.6 0.6 
SD28 42 132.6 o.o 1 2 7 .6 0.0 
SD284 4 140.6 0.0 1 48 . 3 0. 6 
SD28 45 127.0 0.3 1 43 . 6 0.0 
SD284 7 144.0 o.o 1 3 7 .0 0.0 
SD227 1 73.6 0. 0 . a·o. 3 0.0 
SD2288 79.6 0.0 75 . 6 0.0 
SD232 3 144.3 0.0 143.6 0.0 
SD24 48 120.3 0.0 1 20 . 6 ' 0.0 
SD250 2 114.6 0.0 122.0 1.0 
SD2526 135.0 0.0 1 43.0 0.0 
SD2678 124. 6• 0.0 1 1 9.0 0.0 
SD2697 124.3 0.0 117 .0 0.0 
SD2708 152.6 0.0 1 66.3 0.0 
SD271 6 143 .. 0 0.0 139 . 0 0.0 
SD270 0 85.6 o.o 75.0 0.0 
Table 2. The mean number of hard red spring wheat plants 
surv1v1ng a preplant incorporated field 
application of atrazine at 2.2 kg/ha in 1979. 
·Plant Counts Plant Counts 
Genotype Emergence Harvest Emergence Harvest 
Brookings, SD Redfield, SD 
Fortuna 72.00 0.0 28.25 0.0 
SD2841 33.00 o.o 25.75 0.0 
Mn70202 16. 25' 0.0 7.75 0.0 
SD2502 26.75 o.o 10.25 0.0 
SD2844 39.75 o.o 14.50 0.0 
Profit 75 8.75 o.o 7.00 0.0 
Mt7416 45.50 0.0 25.50 0.0 
Mt7155 24.25 o.o 14 .. 50 0.0 
Era 48.00 o.o 29.25 0.0 
Eller 7.25 o.o 9.25 o.o 
Mn70181 18.50 o.o 9.75 0.0 
SD2845 9.25 o. a· 9.00 o.o 
Mt749 .70.75 o.o 27.75 0.0 
. NK5511 50.75 o.o 36.25 0.0 
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Escape may result when small areas of soil are not treated 
during spraying or incorporation of the herbicide. 
Muzik (39) applied metribuzin (4-amino-6-tert-
butyl-3-(methylthio)-as-triazine-5(4H)one) and atrazine to 
month old plants from the World Wheat Collection. Atrazine 
at a 3.4 kg/ha dosage had little effect on the plants while 
metribuzin at a 3.4 kg/ha dosage killed all but 37 plants. 
In the second year, 18 selections appeared to have resistance. 
Differences in root uptake of preplant incorporated 
and postemergence triazines can explain the varying 
responses found in Musik's research and this study. 
Triazine movement in plants is almost exclusively 
apoplastic translocation. 
Muzik allowed plants to grow for 5 weeks to 
develop an extensive root system before the herbicide was 
~applied . Atrazine is only slightly soluble in water. 
Therefore, the herbicide may not have reached the roots 
to be absorbed . Metribuzin is more water soluble and 
leaches into the root zone more readily than atrazine. 
Therefore, most of the plants were killed. In our 
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study, atrazine was applied before planting and incorpora-
ted. Therefore , the herbicide was in the root zone and 
available for uptake by the young seedling. 
Certain grasses do not readily degrade the tr~azine 
molecule and progressive accumulation occurs from the 
tip of the blade to the base of the plant (3). Development 
of toxic symptoms in our study followed this pattern 
which is characteristic of apoplastic translocation of 
·triazine herbicides G 
CytoplasmLc Substituted Spring Wheat Genotypes: 
Cytoplasmic substituted lines were screened for 
cytoplasmic variability to atrazine resistance. These 
lines were received from Dr. S. Maan, North Dakota 
Agricultural Experiment Station . . Alloplasmic lines had 
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been produced by repeated backcrossing of two hard red 
spring wheats, Chris and Selkirk, with female parent lines 
of Triticum macha Le, T. dicoccoides Kern, Aegilops 
squarrose L., Ae. cylindrica Host., Ae. ventricosa Tausch, 
and Ae. juvenalis Thell Eig. 
Emergence of cytoplasmic substituted lines in 
atrazine treated soil is shown in Table 3. Emergence 
ranged from 39 to 92 percent; however, no plants survived 
beyond five weekso 
·Table 3.. The mean number of cytoplasmic substituted 
wheat plants surviving a preplant incorporated 





Ae. sqaurrosa/15* Selkirk 
T. macha (PI 140191)/11* Chris 
T. macha (PI 140191)/10* Selkirk 
T. macha (PI 140923)/3* Selkirk 
T. macha (PI 140923)/13* Chris 
T. dicoccoides (PI 11140)/12* Chris 
T. dicoccoides (PI 11140)/9* Selkirk 
Ae. bicar .is /11* Selkirk 
Ae. bicarnis /Chris 
Ae. juvanalis /5* Chris 
Ae. squarrosa /7* Chris 
Ae. cylindrica /3* T. aesturim/3* Chris 
Ae. Kotschyi /3* Selkirk 




































Most research has been to investigate cytoplasmic 
male sterility in hybrid seed production (31, 59). · 
~owever, Busch and Maan (8) reported that T. macha, T. 
dicoccoides and Ae. squarrosa cytoplasms may be useful 
sources of cytoplasmic variability for broadening the 
-genetic diversity of wheat c Souza Machada et al. (58) 
reported atrazine tolerance in Bird's rape (Brassica 
campestris L.) was uniparently inherited through the 
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£emale parent. This maternal inheritance may be cytoplasmic 
inheritance controlled by chloroplast or mitochondrial 
DNAo Atrazine binding to cell walls or membranes of 
resistant biotype leaf mesophyll was a suggested explana-
tion for triazine resistance in redroot pigweed by 
Radosevich (42, 44) c Herbicide may be excluded by an 
atrazine impermeable membrane around resistant chloro-
plasts, but not susceptible chloroplasts. This was 
suggested by Radosevich's work (42, 45) on common groundsel, 
redroot pigweed, and lambsquarter. However, the present 
study indicates no resistance to atrazine was transferred 
in the cytoplasms ofT. macha L., T. dicoccoides Korn., 
Ae. squarrosa Lc, Ae. cylindrica Host, __ _ Ae. ventricosa 
Tausch, and Ae. juvenalis Thell Eig. 
Winter Wheat Genotypes: 
Winter wheat lines were obtained from Dr. Darrell 
Wells, South Dakota Agricultural Experiment Station. 
Emergence of_winter wheat lines in atrazine 
treated soil (Table 4) ranged from 33 to 94 percent. 
Three lines produced seed. No line survived in more than 
one replication. 
23 
Phytotoxic ratings from the greenhouse test are 
shown in Table 5. Seed from surviving CI 8691,. PI 326412, 
and tetraturgidum developed no significant differences in 
--phytotoxicity compared to check plants when grown on 
treated soil. All plants grown on treated soil failed to 
produce seed. However, phytotoxicity was significantly 
higher in surviving CI 8691 and PI 326412 plants than 
check plants when grown in untreated soil. Shrunken seed 
endosperm is characteristic of CI 8691 and PI 326412, and 
contributed to decreased seedling vigor on untreated soil. 
The possibility exists that accumulation of atrazine may 
have occurred in the seed. 
Spring Wheat Mutagens: 
Butte and Eureka wheat lines, chemically mutated 
with EMS and ethidium bromide, were evaluated for induced 
atrazine res istance . 
EMS-treated seed~ were planted in the greenhouse. 
Approximately 50 percent of the treated seed was viabie. 
Irregular plant height, chlorophyll defective plants, and 
spike abnormalities were observed throughout both varieties. 
Table 4 . The mean number of winter wheat plants surviving atrazine carryover from a 
spring preplant incorporated field application of atrazine at 2.2 kg/ha 
i n 1978 . 
Plant Count Plant Count 
Genotype Emergence Harvest Genotype Emergence Harvest 
277164 87 0 CI1526 47 0 
277165 47 0 PI1715818 26 0 
CI8812 61 0 PI278650 20 0 
PI306526 20 0 CI8812 43 0 
PI277121 72 0 CI3282 86 0. 
PI272556 48 0 PI251018 17 0 
CI8837 . 91 0 596 Mindum 63 0 
CI7907 82 0 PI302424 96 0 
B275 87 0 PI104131 86 0 
CI8691 69 37 1235 Franser 91 0 
CI9321 37 0 CI7070 83 0 
PI282 452 96 0 PI182115 65 0 
8016415 5 0 CI50 23 73 0 
CI1524 85 0 Ps-1 973Vl 402 96 0 
CI7385 77 0 42014 42 0 
PI2 72521 90 0 PI1 24819 87 0 
PI2 77123 79 0 PI277141 39 0 
PI2 725 20 82 · o PI 272581 82 0 
PI3 06532 60 0 PI323638 91 0 
PI117807 43 0 PI315848 72 0 
CI 8821 98 0 CI15093 96 0 
PI 30 6527 64 0 PI272580 57 0 
CI 3270 ~ 67 0 PI268072 81 0 
CI5 985 39 0 PI 267138 87 0 
CI 7072 66 0 CI13228 95 0 
CI5 988 57 0 PI272519 85 0 
t\) 
.r:a. 
Table 4 (Continued) 
Plant Count 
Genotype Emergence Harvest 
--
CI13296 51 0 
Tetraturgidum 64 31 
CI10646 39 0 
CI9294 18 0 



















Table 5 . The mean injury index o f surviving winter wheat 
genotypes grown in atrazine treated soil under 
greenhouse cond i tions i n 1979. 
INJURY I NDEXab 
Winter Treated Soilc Untreated Soil 
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Wheat Surviving Normal Surviving Normal 
Genotypes Seed Seed Seed Seed 
CI369ld 8.7la 8.57a 4.64b 1.2lc 
PI326412d 8.25a 8.06a 4.06b 0.13c 
Tetratur gidum 7.90a 7.0 0a 0.40b O.S5b 
aComparison of treatment within row having the same seed 
source do not differ significantly, if followed by the 
·same letter when analyzed by Dunca n 's Multiple Range 
-Test at the 95% confidence levele 
bVisual o bservations of phytotoxicity rates on a scale 
of 0-9 {0 =no effect and 9 =complete kill) . 
cPI326412 and CI8691 were evaluated on soil treated with 
an atraz i ne dosage of 0.145 ppmw. Tetraturgidum was 
evaluated on soil treated with an atrazine dosage of 
0.160 p pmwo 
dCI869l a nd PI326412 was compared to Eureka spring wheat 
due to short supply of p~rent seedo 
In 1979, approximately 2 0 , 000 M2 plants of _Eureka 
and Butte were grown in atrazine treat ed soil at 
Brookingso Four plants survived to produce seed . The M
3 
seed was evaluated in a greenhouse bioassay (Table 6). 
A significant increase in phytotoxicity occurred 
with progeny of Eureka #2 and Eureka #3 as compared with 
pheck p l a nts when grown on atrazine treated soil. 
· Chemica l mutations may result in poor seedling vigor 
which interacted with the atrazine treatment f or increased 
·phytotoxicity. No significant difference i n phytotoxicity 
were observed on all plants when grown o n untreated soil. 
Eureka and Butte wheat mutated with ethidium 
bromide was planted in atrazine treated so i l at Brookings. 
Germination was 60 percent o Approximately 1 5,000 M1 
seedlings emerged but only five plants survived to produce 
seedQ The M
2 
seed was evaluated in green house bioassay 
{Table 6) o 
Phytotoxicity ratings of M2 plants--Eureka #5, 
Butte #7, Butte #8, Butte #9--were significant ly greater 
compared to check plants grown in atrazine treated soil. 
Ethidium b romide mutations may result i n decreased 
seedling vigor which when interacted with atrazine results 
in increased phytotoxicityo Butte #6 exhibited no 
·significant difference in phytotoxicity compared to check 
·plants in t r e ated soil. No significant di f ference in 
27 
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Table 6. The mean injury index of surviving mutated 
wheat lines grown in atrazine treated soil 
under greenhouse conditions in 1979. 
INJURY INDEXab 
Spring Treated Soil Untreated Soil 
.Wheat Mutated Normal Mutated Normal 
Mutagens Seed Seed Seed Seed 
::.::EMS Treatment 
Eureka #1 8.15a 7.10a 3.35b 3.20b 
Eureka #2 8.55a 7.55b 0.45c l.OOc 
Eureka #3 8.08a 6.75b 1.58c O.SOc 
Eureka #4 9.00a 8.29a 1.64b 0.7lb 
EB Treatment 
Eureka #5 8.67a 7.27b 0.33c 0.78c 
Butte #6 8.8la 8.08a 0.3lb 0.12b 
.Butte #7 8.94a 6.3lb 0.8lc 0.8lc 
Butte #8 8.40a 7.70b 0.74c 0.60c 
Butte #9 8. 94.a 7 .. 88b 0.94c 0.56c 
aComparison of treatments within row having the same source 
do not differ significantly, if followed by the same 
letter when analyzed by Duncan's Multiple Range Test 
at the 95% confidence level. 
bVisual ob ervation of phytotoxicity rates on a scale of 
0-9 ( 0 = no effect and 9 .= complete kill) o 
cSoil treated with 0.145 ppmw atrazine. 
phytotoxicity was observed in all plants grown in 
untreated soil~ 
EMS and ethidium bromide can be used to generate 
a wide spectrum of lethal and viable mutations. The 
usefulness of mutations to increase the frequency of 
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·resistant mutations can be questioned. A strong possibil-
ity exis ts that many resulting resistants will have other 
undesirable traits (20, 22). Surviving seed may have 
contained atrazine resistance. However, interaction 
of other detrimental traits with atrazine may have 
resulted o These undesirable traits could explain the 
lower 'fitness' found in some mutated spring wheat seed 
when compared to untreated parent seed in atrazine 
treated soil o 
Future work with mutant selections should be 
continued o 
CONCLUSIONS 
The ob j e ctiv e of thi s r e search was to evaluate 
various wheat ge no types f o r atrazine resistance~ 
Atrazine resista nc e was not f ound i n the genotypes 
evaluated ~ Furthermore, the u s e of chemical mutagens 
did not produce atrazine r esistanc e in this test. 
However , atrazine resistance in wheat may exist despite 
the results of this study. Atrazine resistance in other 
plant s pecies i s well documented. In this study, a 
limited number of wheat _lines were e valuated. Further 
evaluation of the World Collection may be desired. For 
convenience, a bulk planting of the World Collection 
may be necessary e However, a major problem would exist 
in identifying the source of germ plasm. Further work 
with mutations should be pursued, al lowing greater time 
for stabilization of genetic material . More accurate 
methods f o r detec ting atrazine resistant plants have 
been devel oped since this studyo For e x ample, the 
"floating leaf disc" method is a nondestructive method of 
evaluating atra zine resistancee The ability to evaluate 
atrazine resis tance in the fi e ld e liminates the question 
of escape p lan ts and reduces the time i nvolved in 
9reenhouse bioas says . 
30 
I 
The c oncept of s e lecting f or atrazine resistance 
in wheat genotypes should be studied further so that the 
benefits of chemical fallow could be achieved without the 
threat of atrazine carryovero 
31 
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